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In the absence of definite evidence of leakage, the Author concludes that the missing quantity shown by the black band is everywhere due to condensation.
It is not the intention in this Paper to endeavour to establish a complete theory of cylinder-condensation. Though it may be well to state that, before designing the engines, the theory was carefully considered and formulated, leaving only the arbitrary constants to be determined from the experiments. For anything like a complete determination of these constants, the experiments have not sufficiently advanced ; but this is not necessary to show that in the case of a series of cylinders, all jacketed up to boiler-pressure, the law of condensation would be precisely that which is shown in the diagrams.
Whenever the bounding surfaces are colder than the steam adjacent to them condensation occurs. To prevent condensation it is therefore necessary to maintain all parts of the cylinder surfaces, and port passage surfaces, at a temperature at least as high as that of the initial steam.
To do this, in the case of expansion, it is not sufficient (as seems to be commonly assumed) to keep the outside of the metal constituting the walls and covers, merely at the temperature of the initial steam. That, of course, would be sufficient if there were no condensation other than what results from the temperature of the surfaces.
Forty years ago no such other cause of condensation was known. It was revealed, however, by the discoverers, Rankine and Clatisius, in 1849, that the expansion of steam reduces its temperature below that corresponding to saturation unless some of the steam is condensed. The manner of action of this supersaturation, caused by expansion, in absorbing heat from the walls of the cylinder maintained at a higher temperature than the steam, does not appear to have been yet ascertained with any degree of certainty; but it is certain that steam in this state of supersaturation does absorb heat with immense rapidity, when the walls are at a higher temperature than the expanded steam. Also the amount of heat necessary to prevent supersaturation is definitely known, though it is, perhaps, well to recall the fact that it is not, even approximately, the heat equivalent of the work done by the steam during expansion.
If the walls of the cylinders are maintained at the temperature of the initial steam, the expanding steam will absorb heat. This heat must pass through the walls; and as heat only Hows through metal down the gradient of temperature, the temperature on the outside must be greater than that on the inside. Hence it follows that either the steam in the jackets must be hotter than the initial temperature of the steam in the cylinder, or the mean temperature of the internal surface of the cylinder will be below that, of the initial steam, in which case there will be cylinder-condensation.